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ABSTRACT 

2 8088 
S e l e c t e d  examples of current  d a t a  reduct ion and mapping 

procedures are d i scussed  for the  purpose of demonstrating 
t h e i r  u t i l i t y  as w e l l  as t h e i r  l i m i t a t i o n s .  



INTRODUCTION 

I n  order t o  ana lyze  and a c c u r a t e l y  i n t e r p r e t  t h e  TIROS 
rad ia t ion  data, certain data r e d u c t i o n  and mapping p r o c e s s e s  
are described which shou ld  be of i n t e r e s t  t o  t h e  r e s e a r c h e r  
and meteorologist alike. 

A brief d e s c r i p t i o n  of the  5-channel s cann ing  radiometer 
is  i n c l u d e d  f o r  t h e  b e n e f i t  of t h e  reader who may be u n f a m i l i a r  
w i t h  t h e  TIROS r a d i a t i o n  experiment .  

1. TKE FIVB CHANNEL SCANNING RADIOblETER -- 
The TIROS I11 s c a n n i n g  radiometer c o n s i s t s  of a f ive-channel  

i n s t r u m e n t .  The f ive  c h a n n e l s  are s e n s i t i v e  i n  t h e  f o l l o w i n g  
1 spectral r e g i o n s  L 

Channel S p e c t r a l  Region 
1 6.0 t o  6 ,5p  ( r a d i a t i o n  w i t h i n  t h e  v2 fundamental  

2 8 t o  1 2 p  ( r a d i a t i o n  emitted i n  t h e  a tmospher ic  
w a t e r  vapor  band) 

"wind ow ") 
3 0.2 t o  6~ ( t o t a l  re f lec ted  s o l a r  r a d i a t i o n  (albedo)) 

4 8 t o  30p ( t o t a l  i n f r a r e d  r a d i a t i o n  of t h e  

5 0.55 t o  0 . 7 5 ~  (reflected solar r a d i a t i o n  w i t h i n  t h e  

ear th-atmosphere s y s  t e m )  

v i s i b l e  p a r t  of t h e  spectrum) 
The 5-channel  radiometer employs a chopper t h a t  c a u s e s  

each  s e n s o r  t o  view a l t e r n a t e l y  and a t  a r a p i d  ra te ,  i n  two 
d i r e c t i o n s  180 degrees a p a r t .  A t  l e a s t  one d i r e c t i o n  always 
views o u t e r  space which serves as a z e r o  r a d i a t i o n  r e fe rence , ,  
The r e sponse  from each  channel  i s  p r o p o r t i o n a l  t o  t h e  d i f f e r e n c e  
i n  t h e  i r r a d i a t i o n  of t h e  s e n s o r  bolometer  f r o m  t h e  two d i r e c t i o n s .  
When both opt ics  view o u t e r  space ,  t h e  r e s u l t a n t  signal i s  
d e s i g n a t e d  as t h e  "space viewed leve l" .  The b i - d i r e c t i o n a l  a x e s  
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of t h e  c h a n n e l s  are p a r a l l e l  t o  one a n o t h e r  and i n c l i n e d  
2 t o  t h e  s p i n  a x i s  by 4,5 d e g r e e s  (F igu re  1).- 

2. REMARKS ON THE DATA REDUCTION AND MAPPING PROCEDURES 

2 . 1  E q u i v a l e n t  Blackbody Temperature 
The c a l i b r a t i o n  of t h e  i n f r a r e d  c h a n n e l s  i s  i n  terms 

of e q u i v a l e n t  t empera tu res  TBB, of a blackbody ta rge t  f i l l i n g  
t h e  5 O  f i e l d  of view,  whereas  t h e  c a l i b r a t i o n  of  t h e  s o l a r  
channels  is i n  t e r m s  of t h a t  p o r t i o n  of r a d i a n t  e m i t t a n c e  from 
a t a r g e t  f i l l i n g  t h e  f i e l d  of  view t o  which t h e  channe l  

2 responds through its f i l t e r s  and o t h e r  o p t i c a l  elements.- 
The f ami ly  of curves  of e q u i v a l e n t  blackbody temper- 

a tures  v s  e f f e c t i v e  r a d i a n t  e m i t t a n c e  f o r  TIROS I11 (F igure  21, 
were o b t a i n e d  b y  i n t e g r a t i n g  t h e  P lanck  f u n c t i o n  over t h e  
s p e c t r a l  response  c u r v e s  f o r  Channels  1, 2 and 4.L73 The 
e s t i m a t e d  r e l a t i v e  a c c u r a c y  of  e q u i v a l e n t  blackbody t empera tu re  
f o r  Channels 1, 2 and 4 is +2%, w h i l e  t h e  e s t i m a t e d  a b s o l u t e  
accuracy i s  + 4 O  t o  + 8 O K ,  up to o r b i t s  118, 875 and 130 res- 
pec t ive l j7 ,  a f t e r  which d e g r a d a t i o n  of t h e  i n s t r u m e n t a l  r e sponse  
becomes a p p r e c i a b l e  .L?? 

- 
- - 

A d e g r a d a t i o n  c o r r e c t i o n  nomogram f o r  Channel 12 
measurements (F igure  3) based  upon d e g r a d a t i o n  models i n f e r r e d  

from t h e  r e l e v a n t  d a t a  o b t a i n e d  by t h e  r e s p e c t i v e  r ad iomete r  
has  been included.-  The nomogram w a s  developed from a computer 
program which determined t h e  t i m e  r a t e  of change of t h e  
measured t o t a l  e m i t t e d  r a d i a n t  power between l a t i t u d e s  
55°N-550S. 
t i n u o u s l y  f o l l o w i n g  t h e  TIROS I11 launch .  The d e g r a d a t i o n  
f o r  Channel 2 w a s  de te rmined  t o  be symmetr ica l ,  i . e .  

independent  of t h e  s i d e  ( w a l l  or floor a p e r t u r e )  of t h e  

4 

The r e s u l t s  showed t h a t  Channel 2 degraded con- 
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s a t e l l i t e ,  The nomogram (F igure  3) may be used  w i t h  s o m e  
degree of conf idence  up through o r b i t  875. Beyond t h i s  

s u b j e c t i v e l y  de te rmined  l i m i t i n g  o r b i t ,  t h e  c o r r e c t i o n  
nomogram becomes co r re spond ing ly  u n c e r t a i n .  A more de ta i l ed  

d i s c u s s i o n  of t h e  factors  e f f e c t i n g  t h e  r e sponse  of t h e  

s c a n n i n g  radiometer may be found i n  Reference  5. 

2 .2 The R a d i a t i o n  D a t a  P r o c e s s i n g  Procedure  - - 
The medium r e s o l u t i o n  radiometer data t h a t  are 

recorded a t  t h e  read-out  s ta t ion  are demul t ip l exed ,  demodulated 
and fed  t o  an a n a l o g - t o - d i g i t a l  c o n v e r t e r  a t  t h e  Goddard 

Space F l i g h t  Cen te r . -  T h i s  c o n v e r t e r  produces  a magnet ic  
"Radia t ion  Data Tape" made up of 36 b i t  words s u i t a b l e  f o r  
an  IBM 7094 computer. Analog  records may be produced on a 
r e c o r d i n g  o s c i l l o g r a p h  f o r  special hand a n a l y s i s .  The 

computer produces  a F i n a l  Me teo ro log ica l  R a d i a t i o n  Tape (FMRT) 
when combined w i t h  t h e  i n p u t s  from t he  R a d i a t i o n  Data Tape, 
O r b i t a l  Tape and C a l i b r a t i o n .  The m o s t  conven ien t  method of 
p r e s e n t a t i o n  of t h e s e  FMRT data i s  t o  make g r i d  p r i n t  maps 
from an IBM 7094. canpu te r .  S e v e r a l  problems a r i s i n g  i n  t h e  

composi t ion  and a v e r a g i n g  of t h e  o r i g i n a l  r a d i a t i o n  data axe 
d i s c u s s e d  below . 

2 -3 R a d i a t i o n  D a t a  Reso lu t ion  

The data r e s o l u t i o n  of computer produced r a d i a t i o n  
maps, p r i n t e d  on a mercator map base is  d i r e c t l y  a f f e c t e d  
by t h e  fo l lowing :  

2 . 3 1 Nadir Angle V a r i a t i o n  

Radia t ion  data contained on t h e  FMR Tapes 
are sampled. approximate ly  8 t i m e s  per second. Thus, a t  t h e  

nomina l  10 rpm s p i n  ra te ,  approximate ly  48 samples  are t aken  
d u r i n g  each s a t e l l i t e  r o t a t i o n .  Data sampled d u r i n g  t h e  e a r t h -  
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viewed p o r t i o n  of t h e  scan having  t h e  smal les t  n a d i r  ang le  

w i l l  be t h e  m o s t  dense ly  located,  w i t h  p r o g r e s s i v e l y  g r e a t e r  
s e p a r a t i o n  o c c u r r i n g  a t  t h e  h i g h e r  n a d i r  angles .  A d d i t i o n a l l y ,  
t h e  size of t h e  scan s p o t  v a r i e s  c o n s i d e r a b l y  w i t h  t h e  n a d i r  
a n g l e  and w i t h  t h e  h e i g h t  of t h e  s a t e l l i t e ,  For  example, 
a t  an 800 km s a t e l l i t e  h e i g h t  (F igu re  4)  t h e  elongated s c a n  
s p o t  r e so lved  by t h e  r ad iomete r  a t  a 5 6 . 6 O  scan n a d i r  ang le ,  
would enclose approximately 10 t i m e s  t h e  scan  s p o t  area a t  a 
s c a n  n a d i r  angle of zero., Thus t h e  h i g h e r  t h e  r ad iomete r  n a d i r  
a n g l e ,  t h e  lower t h e  data r e s o l u t i o n .  

6 

F igu re  5 shows t h a t  t h e  nominal 5 degree  
f i e l d  of view of t h e  r ad iomete r  p e r t a i n s  t o  t h e  50% of  peak- 
response l e v e l ,  and t h a t  t h e r e  i s  some r e s i d u a l  r e sponse  t o  
abou t  - +4 degrees from t h e  o p t i c a l  a x i s * -  The p e r c e n t  power 
scan  s p o t s  of F igu re  4 are d i r e c t l y  d e r i v e d  from t h i s  r e sponse  
cu rve  

7 

2.3.2 G r i d  P r i n t  Map S c a l e  - - 
The mesh s i z e  of t h e  m u l t i - r e s o l u t i o n  merca to r  

mapping program is  0.5 i n c h e s .  Thus,  t h e  number of degrees of 
l o n g i t u d e  p e r  mesh i n t e r v a l  i s  i n  e f f e c t  t h e  s e l e c t i o n  of t h e  
map s c a l e ,  
p e r  mesh i n t e r v a l  co r re sponds  t o  a map scale of approximate ly  1:5 

m i l l i o n ,  1 : l O  m i l l i o n  and 1:2O m i l l i o n ,  r e s p e c t i v e l y ,  n e a r  t h e  
equa to r .  On a merca to r  p r o j e c t i o n  t h e  map scale  increases  w i t h  
i n c r e a s i n g  l a t i t u d e .  The l a r g e r  t h e  map sca l e ,  t h e  h i g h e r  t h e  
r e s o l u t i o n ,  t h e  lower t h e  number of measurements averaged  
w i t h i n  t h e  1/2 i n c h  area around each  g r id  p o i n t .  

A r e s o l u t i o n  of 0.625O, 1.25O and 2.50° of l o n g i t u d e  

I n  o r d e r  t o  i l l u s t r a t e  t h e  e f f e c t  of map scale 
on data r e s o l u t i o n ,  s e v e r a l  TIROS I11 t e l e v i s i o n  p i c t u r e s  
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and r ad ia t ion  c h a r t s  are shown i n  t h e  fo l lowing .  The w e l l -  
d e f i n e d  c l o u d  system a t  10°N, 40% on J u l y  16, 1961, which w a s  
i d e n t i f i e d  by S. F r i t s  as being t h e  c l o u d  m a s s  from which 
Hur r i cane  ANNA, la ter  developed i n  J u l y ,  1961, w a s  s e l e c t e d  
as t h e  example. 

F i g u r e  6a shows t h e  "window" radiat ion a n a l y s i s  
based  upon hand-p lo t t ed  d a t a  from a computer l i s t i n g ,  which 
con ta ins  t h e  g e o g r a p h i c a l  location, t h e  n a d i r  and azimuth angles ,  
and t h e  s imul t aneous  r e a d i n g s  of  a l l  f i v e  r a d i a t i o n  c h a n n e l s  
f o r  eve ry  s i n g l e  scan  s p o t ,  The l o c a t i o n  of each  scan s p o t  is  
i n d i c a t e d  by a cross i n  F i g u r e  6a. T h i s  i s  t h e  m o s t  d e t a i l e d  
i n f o r m a t i o n  a v a i l a b l e  f r o m  t h e  FMR Tape. 

F i g u r e  6b is a composite of t h e  "window" 
radiation f i e l d  shown i n  t h e  p rev ious  f i g u r e  and t h e  g r i d d e d  
TIROS photograph of t h e  same area. The l a t i t u d e - l o n g i t u d e  g r i d  
of t h i s  p i c t u r e  w a s  o b t a i n e d  from a computer program. 

The agreement between t h e  p i c t u r e  information 
and t h e  radiat ion f i e l d  i n  t h e  'kindow" region is  s u r p r i s i n g l y  
good, even a t  t h e  f r i n g e s  of t h e  photograph. Cons ide r ing  t h e  
range of accuracy  of s a t e l l i t e  a t t i t u d e  d e t e r m i n a t i o n  and t h e  
computer g r i d d i n g  programs, i t  is i n t e r e s t i n g  t o  n o t e  t h a t  t h e  
r a d i a t i o n  data f i t  t h e  t e l e v i s i o n  p i c t u r e s  w i t h i n  one degree  of 
l a t i t u d e  and l o n g i t u d e  An e q u i v a l e n t  blackbody t empera tu re  
d i f f e r e n c e  of more than  50% w a s  i n d i c a t e d  between t h e  c l o u d l e s s  
area and t h e  h i g h e s t  c l o u d  t o p s .  

A s i m i l a r  r a d i a t i o n  a n a l y s i s  (F igu re  6c )  w a s  
l a te r  performed by L. F. Whitney, Jr. of t h e  Na t iona l  Weather 
S a t e l l i t e  C e n t e r ,  U.S. Weather Bureau, u s i n g  t h e  h i g h l y  a c c u r a t e  
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F u j i t a  method.? T h i s  method employs analog r e c o r d s  produced 
on a r eco rd ing  o s c i l l o g r a p h  f o r  s p e c i a l  hand a n a l y s i s  r a t h e r  
than  the  a u t o m a t i c a l l y  p rocessed  FMR Tapes. I t  shou ld  be 
cons ide red ,  however, t h a t  t h i s  p i c t u r e  r e p r e s e n t s  a n o t h e r  frame 
of t h e  same s e r i e s ,  one minute  l a t e r  i n  t i m e ,  From F i g u r e s  6b  
and 6c one can judge ,  t h a t ,  a t  l e a s t  i n  t h i s  case,  t h e  e v a l u a t i o n  
of t h e  FMRT data does not r e s u l t  i n  any s i g n i f i c a n t  l o s s  of 
d e t a i l s  when compared w i t h  t h e  r e s u l t s  of  t h e  F u j i t a  t echn ique .  

F igu re  7 shows t h e  r a d i a t i o n  a n a l y s i s  of t h e  
s a m e  storm area based on t h r e e  d i f f e r e n t  t y p e s  of computer 
produced g r i d  maps a t  t h ree  d i f f e r e n t  g r i d  s p a c i n g s ,  v i z , ,  
0.625O, 1.25O, and 2.50° l o n g i t u d e  p e r  mesh i n t e r v a l ,  c o r r e s p o n d i n g  
t o  approximate map sca l e  of 1:5 m i l l i o n ,  1 : l O  m i l l i o n  and 1:2O 
m i l l i o n  r e s p e c t i v e l y .  The d a t a  p o i n t s  are  a g a i n  i n d i c a t e d  i n  
each  f i g u r e .  From t h e  l e f t  t o  t h e  r i g h t  i t  becomes c l ea r  t h a t  
t h e  a p p r o p r i a t e  s e l e c t i o n  of t h e  map scale  f o r  each  r a d i a t i o n  
s t u d y  i s  of g r e a t  impor tance ,  as de t a i l ed  i n  t h e  i s o l i n e  
c o n f i g u r a t i o n  and extreme v a l u e s  of e q u i v a l e n t  blackbody 
tempera tures  become ''washed o u t "  by t h e  a v e r a g i n g  p r o c e s s e s  
invo lved  a t  smaller map scales. Thus,  fo r  t h e  a n a l y s i s  of more 
d e t a i l e d  s y n o p t i c  f e a t u r e s ,  a g r i d  s p a c i n g  of 0.625O of 
l o n g i t u d e  p e r  mesh  i n t e r v a l  i s  t h e  most u s e f u l  one,  b u t  t h e  
accuracy  i n  da ta  l o c a t i o n  i s  c o n s i d e r a b l y  l e s s  t h a n  by use  of 
hand-p lo t ted  maps of t h e  FMRT computer l i s t i n g s  and of maps 
produced by t h e  more p r e c i s e  F u j i t a  method. G r i d  s p a c i n g s  of 

%,go0 l ong i tude  and of  longi tude/mesh i n t e r v a l  are a l so  
p o s s i b l e  and r e s o l v e  many d e t a i l s ,  b u t  t h e  s ize  of t h e s e  computer 
p r i n t s  becomes r a t h e r  unhandy e 



-7- 

2.4 Radiometer Scanning Modes 
F i g u r e  1 showed t h e  basic  r e l a t i o n s h i p s  between 

t h e  s a t e l l i t e ' s  s p i n  a x i s  and the  radiometer a x i s .  
A s  t h e  sa te l l i t e  rotates on i t s  a x i s ,  t h e  radiometer 

s c a n  p a t t e r n  i s  d e f i n e d  by t h e  i n t e r s e c t i o n  of a 450 h a l f - a n g l e  
cone and the  ear th .  T h i s  p a t t e r n  r anges  from n e a r l y  a c i rc le  

(closed mode) when the s a t e l l i t e  nadir a n g l e  i s  less t h a n  1 7 O ,  
t o  two hyperbo la - l ike  branches  i n  t h e  "wal l"  and "floor" 
d i r e c t i o n s ,  when t h e  s p i n  v e c t o r  is approximate ly  p e r p e n d i c u l a r  

1 t o  t h e  o r b i t a l  r a d i u s  vector . -  
The re fo re  t h e  t h r e e  p a t t e r n s  of ear th  scann ing  modes, 

1) S i n g l e  Open Mode: Some s c a n  spots of a s p i n  
c y c l e  are space viewed and the  remainder  are 
ear th  viewed through the  w a l l  ( s i d e )  s e n s o r  
only  or th rough the  f loor  ( b a s e p l a t e )  s e n s o r  

only .  
2)  Closed Mode: A l l  the  s c a n  s p o t s  th roughout  

a number of s p i n  c y c l e s  of t h e  s a t e l l i t e  
are ear th-v iewed,  e i t he r  through t h e  w a l l  or 
t h e  f l o o r  s e n s o r .  

9 (F igu re  8 )  can be d i s t i n g u i s h e d  as followsa- 

3) A l t e r n a t i n g  Open Mode: The s c a n  s p o t s  of a 
s p i n  c y c l e  are a l t e r n a t e l y  viewed through 
t h e  w a l l  s e n s o r  and t h e  f loo r  s e n s o r .  

The IBM 7094 computer can e a s i l y  be programmed t o  
d i s t i n g u i s h  between d i f z e r e n t  modes and t o  use  or o m i t  
c e r t a i n  s c a n n i n g  modes. F o r  example, i n  F i g u r e  9 f o r  o rb i t s  56 

and 58, those p a r t s  w i t h  s i n g l e  open mode data are g r e y  shaded, 
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and it is  obvious t h a t  l a r g e  and i m p o r t a n t  p a r t s  of t h e  

d a t a  coverage are l o s t  i f  closed mode data are o m i t t e d .  

Some examples of a c t u a l  s c a n  l i n e s  and s c a n  s p o t s  are i n d i -  
cated on  o r b i t  56. A d d i t i o n a l l y  i n  t h i s  f i g u r e ,  t h e  computer 
g r i d  p r i n t  map of o r b i t  57 i s  i n t r o d u c e d ,  showing t h e  f u l l  
da ta  coverage a l o n g  t h e  o r b i t a l  path,  However, there  is  a 
s i g n i f i c a n t  d i f f e r e n c e  i n  accuracy  of t h e  g e o g r a p h i c a l  
l o c a t i o n  between open and c l o s e d  mode data,  which r educes  t h e  

a p p l i c a b i l i t y  of c l o s e d  mode data u n l e s s  a v e r y  de t a i l ed  

i n v e s t i g a t i o n  of p o s s i b l e  shor t - te rm a b e r r a t i o n s  of t h e  pseudo- 
s p i n  ra te  v a l u e  used  i n  t h e  computer r e d u c t i o n  of t h e  c l o s e d  
mode data  i s  performed f o r  eve ry  i n d i v i d u a l  case. I n  t h e  

fo l lowing  s e c t i o n s  these p rac t i ca l  d i f f i c u l t i e s  w i l l  be d i s -  

cussed  more i n  d e t a i l ,  

An example of t y p i c a l  closed mode data  m i s l o c a t i o n  
i s  given i n  F i g u r e  10. T h i s  f i g u r e  i n c l u d e s  10 minutes  of 
c l o s e d  mode data and shows t h e  r a d i a t i o n  "cloud" p a t t e r n  of 
t h e  e a r l y  s t a g e  of  Hurr icane  Anna a t  t h e  same l o c a t i o n  w i t h i n  
minutes  of t he  same t i m e  as shown i n  F i g u r e  7 ,  which i n c l u d e d  
open mode d a t a  on ly .  Th i s  l o n g e r  t i m e  p e r i o d  p e r m i t t e d  t h e  

complemental s c a n s  of t h e  c l o s e d  mode t o  f o l l o w  by s e v e r a l  

minutes  t h e  i n i t i a l  s c a n s  through t h e  storm area (see F i g u r e  81, 
r e s u l t i n g  i n  an appa ren t  s h i f t  of data l e a d i n g  t o  t h e  f i c t i c i o u s  
c o l d  (h igh  c loud)  area i n  t h e  SW quadran t  of  t h e  f i g u r e .  The 
f loor  a p e r t u r e  of t h e  s a t e l l i t e  w a s  v i ewing  t h e  s to rm a t  t h i s  
t i m e ,  and a 6 s c a n  s p o t  s h i f t  i n  a coun te rc lockwise  d i r e c t i o n  
w a s  confirmed by d i a g n o s t i c  methods.  The computer program 
averaged t h e  displaced scan  spot data w i t h  t h e  p r e c e d i n g  
a c c u r a t e l y  p o s i t i o n e d  open mode scan  s p o t s  and p r e s e n t e d  and 
e r roneous ly  elongated c l o u d  s t r u c t u r e o  
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A separate example of a n a l o g  p r e s e n t a t i o n s  of open 
and closed mode p a t t e r n s  i s  shown i n  F igu res  11 and 12. Line  A 
i d e n t i f i e s  t h e  measurement o b t a i n e d  when v iewing  t h e  p e r i n a d i r  
i n  an  open mode swath.  T h i s  l i n e  is centered between t h e  

h o r i z o n s  of t h e  swath and a l l  t h e  scan spots are positiohed 

symmet r i ca l ly  abou t  t h i s  l i n e  by t h e  computer program, i n  
accordance w i t h  t h e  s p i n  rate. Normally there can  be l i t t l e  or 
no error  i n  p o s i t i o n i n g  t h e s e  s c a n  s p o t s  s i n c e  each swa th  is 
p r o c e s s e d  i n d i v i d u a l l y  and t h e  horizons for each are de termined  
q u i t e  a c c u r a t e l y .  Fo r  t he  closed mode s w a t h s ,  m i s l o c a t i o n  
e r rors  do occur  s imply  because there a r e  no h o r i z o n s  detected 

by t h e  s a t e l l i t e  and t h e  l o c a t i o n  of  t h e  data must be de termined  
s o l e l y  by t h e  s p i n  rate. 

The s p i n  ra te  used i n  t h e  data r e d u c t i o n  program is  

measured by means of c o u n t i n g  c y c l e s  of a s t a n d a r d  clock a t  
t h e  read-out  s t a t i o n  between sun  p u l s e s  and is  assumed t o  be 

c o n s t a n t  th roughout  t h e  closed mode. For a s p i n  rate d e t e r m i n a t i o n  
e r ror  of O . O l O / s e c  (or 1 par t  i n  6000), t h e  s p i n  a n g l e  e r ror  a t  

9 t h e  end of 10 minu tes  would be 6 O ,  or abou t  e q u a l  t o  one s c a n  spot.-  

s p o t  (Spot B) af te r  t h e  l a s t  open mode s w a t h  i s  p o s i t i o n e d  on 
t h e  aponad i r  (Spot B'), a s h i f t  backward of 2 1/2 scan  p o i n t s  
or abou t  1 5 O  of t h e  s p i n  ang le .  

The computer program is  such t h a t  t h e  f irst  scan  
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A l l  succeed ing  scan s p o t s  i n  t h e  swath are &i'f:Ce;d 

p r o p o r t i o n a l l y  which r e s u l t s  i n  a s h i f t  of t h e  r a d i a t i o n  data 
by 2 1/2 s c a n  s p o t s  (approx. 200 km). F i g u r e  13 i l l u s t r a t e s  t h i s  
m i s l o c a t i o n  i n  r e l a t ion  t o  geographic  p o s i t i o n ,  g i v i n g ,  however, 
examples f o r  p o i n t s  c l o s e  t o  c e n t e r  of t h e  swaths ,  The measure- 
men t  a t  p o i n t  H of t h e  f i r s t  closed mode swath ,  which shou ld  be 

con t iguous  Eo t h a t  of p o i n t  G w i t h i n  t h e  l a s t  open mode swath ,  
w i l l  be m i s l o c a t e d  by t h e  computer and appea r s  i n  t h e  wrong 
p o s i t i o n  H', Comparing t h e  l a s t  closed w i t h  t h e  f i r s t  open 
mode swath ,  p o i n t  I shou ld  be con t iguous  to t h e  measurement a t  
p o i n t  J; i n  t h i s  i n s t a n c e  however, i t  w a s  mislocated by t h e  

computer and s h i f t e d  i n t o  t h e  wrong l o c a t i o n  1'. 
The 1 1/2 t o  2 1 /2  s c a n  s p o t  s h i f t  t h a t  o c c u r s  a t  t h e  

beginning  of t h e  c l o s e d  mode i s  always c o u n t e r  t o  t h e  r o t a t i o n  
of t h e  s w a t h ,  If t h e  s p i n  ra te  used i n  t h e  computer program i s  

l e s s  than  t h e  a c t u a l  r a t e ,  t h e  m i s l o c a t i o n  of s u c c e s s i v e  s c a n  
spots w i l l  be c o u n t e r  t o  t h e  s can  r o t a t i o n .  I f  t h e  assumed 
s p i n  r a t e  is  g r e a t e r  t han  t h e  a c t u a l ,  t h e  m i s l o c a t i o n  w i l l  be i n  
t h e  d i r e c t i o n  of t h e  scan  r o t a t i o n .  

The s p i n  r a t e  used f o r  t h e  7 o r b i t s  i n  t h i s  s t u d y  
were a l l  l e s s  t h a n  t h e  a c t u a l  r a t e ,  so  t h a t  by t h e  end of t h e  

c l o s e d  mode, t h e  m i s l o c a t i o n  averaged  s i x  da t a  p o i n t s  or about  
3 6 O  of t h e  s p i n  ang le  c o u n t e r  t o  t h e  d i r e c t i o n  of scan r o t a t i o n .  
The re fo re ,  a l l  s can  s p o t s  were s h i f t e d  backwards s o  t h a t  by t h e  
e n d ,  t h e y  were 6 s p o t s  t o o  f a r  i n  back of t h e  t r u e  p o s i t i o n .  
Thus,  f o r  example, s p o t  C '  w a s  e r r o n e o u s l y  l o c a t e d  on t h e  
a p o n a d i r ,  (F igure  12)  i n s t e a d  of on i t s  c o r r e c t  p o s i t i o n  which 
should  have been 6 s p o t s  ahead of t h e  a p o n a i i r .  

I n  order t o  improve t h e  accuracy  of l o c a t i o n  of t h e  

c l o s e d  mode da ta ,  s t e p s  have been i n i t i a t e d  t o  c a l c u l a t e  t h e  

pseudo-spin r a t e  v a l u e s  which shou ld  be i n d i v i d u a l l y  a p p l i e d  t o  
eac:h c l o s e d  mode sequence i n  t h e  au tomat i c  r e d u c t i o n  of t h e  data .  
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2.5 Measurements F a l l i n g  Below t h e  Space-ear th  D i s c r i m i n a n t  
For  t he  reasonable i n t e r p r e t a t i o n  of the  r eco rded  

7 

radiometer s i g n a l s  i t  is  n e c e s s a r y  t o  d i s t i n g u i s h  ve ry  c a r e f u l l y  
between ear th-scanned  data and space-viewed or space-contaminated 
data. T h e r e f o r e ,  t h e  c a n p u t e r  l o g i c  w a s  s e t  t o  make t h e  d i s -  

t i n c t i o n  by means of an a r b i t r a r i l y  d e f i n e d  th re sho ld  v a l u e  
below which t h e  data shou ld  be d e f i n e d  as "space viewed". 
T h e o r e t i c a l l y ,  t h i s  s p a c e - e a r t h  d i s c r i m i n a n t  shou ld  be i d e n t i c a l  
w i t h  the  s p a c e  viewed l e v e l  and be l o c a t e d  f a r  f r o m  a l l  a tmosphe r i c  
data. P r a c t i c a l l y ,  however, i t  is  necessa ry  t o  d e f i n e  t h e  

t h r e s h o l d  v a l u e  above t h e  n o i s e  l e v e l  of t h e  radiometer system. 
Normally,  there  is  no  i n t e r f e r e n c e  w i t h  real  a tmospher ic  
measurements.  But i n  t h e  case of very  l o w  r a d i a t i o n  i n t e n s i t i e s  
t h e  a c t u a l  e q u i v a l e n t  blackbody t empera tu res  may be l o w e r  t han  t h e  

t h r e s h o l d  v a l u e .  T h i s  o c c u r s  mainly over areas of v e r y  h i g h  

opaque c l o u d  sys tems such as t r o p i c a l  storms. 
I f  a measurement a p p e a r s  below t h e  s p a c e - e a r t h  

d i s c r i m i n a n t ,  a c c o r d i n g  t o  t h e  TIROS I11 R a d i a t i o n  D a t a  U s e r s '  
, i t  w i l l  be flagged by a minus s i g n  on t h e  F'MR Tape 

1 Manual - 
and i n  t h e  computer l i s t i n g s .  Three or more c o n s e c u t i v e  v a l u e s  
below t h e  t h r e s h o l d  w i l l  be assumed t o  be t h e  end  of an open mode 

swa th  by t h e  computer logic  ( i . ee  , when t h e  s a t e l l i t e  n a d i r  a n g l e  
i s  larger t h a n  abou t  17 degrees, t h e  e x a c t  v a l u e  depending upon 
t h e  s a t e l l i t e  h e i g h t ) .  A l s o ,  a l l  data making up t h e  t e r m i n a l  
swath  Of t h e  closed mode are f l a g g e d  w i t h  minus signs.  for 



d i a g n o s t i c  purposes ,  T h i s  means t h a t  ove r  l a r g e  high-cloud 
areas o r  when a n  unusua l ly  h igh  n o i s e  l e v e l  o c c u r s  j u s t  i n  
t h e  t r a n s i t i o n  between c l o s e d  and open s c a n n i n g  modes, t h e  
computer l o g i c  may n o t  be able t o  d i s t i n g u i s h  p r o p e r l y  
between rea l  ear th-scanned  and space-viewed da t a ,  r e s u l t i n g  i n  
a l a r g e  number of measurements b e i n g  f l a g g e d  w i t h  minus s i g n s .  

G e n e r a l l y ,  t h e  computer w i l l  be o r d e r e d  t o  r e j e c t  
a l l  data  f l a g g e d  by a minus s i g n  i n  o r d e r  t o  avo id  t h e  use  O f  

q u e s t i o n a b l e  d a t a .  The computer h a s ,  however, an o p t i o n  t o  
a c c e p t  t h e s e  data  f o r  g r i d  p r i n t  maps. T h e r e f o r e ,  a c a r e f u l  
check of t h e  FMR Tape data  i s  n e c e s s a r y  under  such  c i r cums tances  
t o  permi t  t h e  a n a l y s t  i n  advance t o  s e l e c t  t h e  areas where t h e  
f l a g g e d  data are  meaningful  f o r  mapping, 

An example of such an occur rence  i s  g iven  i n  F i g u r e  
14. By i n s p e c t i n g  t h e  p o p u l a t i o n  c o u n t ,  which shows how 
many d a t a  p o i n t s  are c o n t r i b u t i n g  t o  each  g r i d  p o i n t  i n  t h e  
computer produced g r i d  p r i n t  map, for o r b i t  62 an i r r e g u l a r i t y  
is  no ted  over t h e  P h i l i p p i n e  I s l a n d s .  Approximately 20 
data p o i n t s  were re jected by t h e  computer i n  eve ry  g r i d  

squa re  i n  t h i s  area.  F i g u r e  15 shows a l l  t h e  s i n g l e  d a t a  
p o i n t s  taken  from t h e  computer l i s t i n g s .  A l l  da ta  accep ted  by 
t h e  computer mapping program are marked by a rec tangle ,  w h i l e  t h e  
re jec ted  "f lagged" d a t a  p o i n t s  are e n c i r c l e d .  The f i n a l  (F igu re  16) 
a n a l y s i s  of t h i s  r a d i a t i o n  f i e l d  shows t h a t  j u s t  t h e  m o s t  
i n t e r e s t i n g  low r a d i a t i o n  t empera tu re  d a t a  (very  h igh  r e a c h i n g  
dense c loud  system) ove r  T r o p i c a l  Storm F l o s s i e  had been r e j e c t e d .  
Thus,  the ez fec t  of t h e  a r t i f i c a l l y  d e f i n e d  s p a c e - e a r t h  d i s c r i m i n a t e  
on t h e  composi t ion of r a d i a t i o n  data ove r  c e r t a i n  m e t e o r o l o g i c a l l y  

~ 
~ 
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s i g n i f i c a n t  areas should always be accounted for i n  
d e t a i l e d  s t u d i e s .  In certain cases, perhaps, the  space- 
e a r t h  d i scr iminate  could be set  somewhat lower, but 
t h i s  depends on such condi t ion  of s igna l - to -no i se  r a t i o ,  
radiometer housing temperature, e t c .  which are discussed 
i n  Reference 10. 
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3 CONCLUSIONS 
T h i s  paper  has  a t t empted  t o  review b r i e f l y  t h e  s a t e l l i t e  

r a d i a t i o n  experiment  and t o  d i s c u s s  t h e  c u r r e n t  TIROS r a d i a t i o n  
d a t a  r educ t ion  p r o c e s s e s .  With improvement and m o d i f i c a t i o n  
of t h e  computer p r o c e s s i n g  p rocedures ,  i t  w i l l  become p o s s i b l e  
t o  reduce the  l o c a t i o n  ( c losed  mode) u n c e r t a i n t i e s  of t h e  
d a t a  and a l s o  to accep t  low b u t  r e a l  measurements so t h a t  
t h e s e  d a t a  cou ld  be used i n  o p e r a t i o n a l  wea the r  a n a l y s e s ,  
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s t a g e  of Hurr icane  Anna. 

F igu re  6(c) Composite a n a l y s i s  of Channel 2 r a d i a t i o n  data 
and a g r idded  t e l e v i s i o n  p i c t u r e  of t h e  e a r l y  
s tage of Hurr icane  Anna, u s i n g  t h e  F u j i t a  t echn ique  
by L. F. Whitney, Jr.,  U . S .  Weather Bureau. 

F i g u r e  7 Analys i s  oI" Channel 2 r a d i a t i o n  data  of t h e  
e a r l y  stage of Hurr icane Anna, u s i n g  d i f f e r e n t  
r e s o l u t i o n s  i n  computer-produced g r i d  p r i n t  
maps (Open mode data only) 

a) 0.625O longitude/mesh i n t e r v a l  
b) T .250° longitude/mesh i n t e r v a l  
c) 2 .50° longitude/mesh i n t e r v a l  



FIGURE CAPTIONS (Continued) 

F igu re  8 D i f f e r e n t  t y p e s  of s c a n  modes of t h e  TIROS 
rad iomete r  g e n e r a l l y  o c c u r r i n g  i n  one o rb i t .  

F igu re  9 T y p i c a l  example of t h e  d a t a  coverage  w i t h i n  
t h e  open and closed s c a n n i n g  modes for t h r e e  
o r b i t s  of TIROS 111, Some t y p i c a l  s can  l i n e s  
and t h e  d i s t r i b u t i o n  of computer -se lec ted  s c a n  
spo t s  a l o n g  t h e s e  l i n e s  are added f o r  demon- 
s t r a t i o n  of some c h a r a c t e r i s t i c  f e a t u r e s  of 
scan  l i n e  geometry. 

F igure  10 Ana lys i s  of Channel 2 r a d i a t i o n  d a t a  of t h e  
e a r l y  s t a g e  of Hurr icane  Anna, u s i n g  d i f f e r e n t  
r e s o l u t i o n s  i n  computer-produced g r i d  p r i n t  
maps (Open and closed mode d a t a )  

a) 0.625O longi tude/mesh i n t e r v a l  
b) 1.250° longi tude/mesh i n t e r v a l  
c )  2,50° longi tude/mesh i n t e r v a l  

F igure  11 D i g i t i z e d  form of t h e  a n a l o g  s i g n a l  from Channel 2 
d u r i n g  t h e  t r a n s i t i o n  from t h e  s i n g l e  open t o  
c l o s e d  s c a n n i n g  modes. The numbers a l o n g  t h e  
bottom i n d i c a t e  t h e  minutes  and seconds  from t h e  
beg inn ing  of t h e  d a t a ,  The o r d i n a t e  i s  t h e  
radiometer o u t p u t  on a r e l a t i v e  sca le ,  

F igure  12 D i g i t i z e d  form of t h e  a n a l o g  s i g n a l  f r o m  Channel 2 
d u r i n g  t h e  t r a n s i t i o n  from c l o s e d  t o  s i n g l e  open 
scann ing  modes, The numbers a l o n g  t h e  bottom 
i n d i c a t e  t h e  minutes  and seconds  from t h e  beg inn ing  
of t h e  d a t a ,  The o r d i n a t e  i s  t h e  radiometer o u t p u t  
i n  a r e l a t i v e  scale.  

F igure  13 An example of t h e  scan s p o t  s h i f t  a t  t h e  e n t r a n c e  
and e x i t  f r o m  t h e  c l o s e d  scann ing  mode due t o  
computer program t echn iques  and inaccuracy  i n  
s p i n  r a t e  d e t e r m i n a t i o n ,  r e s p e c t i v e l y .  



F I G W  CAPTIONS (Continued) 

F i g u r e  14 Computer-produced g r i d  p r i n t  map of data 
p o p u l a t i o n  for O r b i t  62, TSROS 111 (2.50° 
longitude/mesh i n t e r v a l )  

F i g u r e  15 Loca t ion  of scan  s p o t s  o v e r  a t r o p i c a l  cis- 
tu rbance  close to  the  P h i l i p p i n e s ,  based upon 
computer l i s t i n g s  (Encircled data i n  t h e  
shaded area were r e j e c t e d  by computer l o g i c  
i n  producing  t h e  g r i d  p r i n t  maps) 

t r o p i c a l  d i s t u r b a n c e  c l o s e  t o  t h e  P h i l i p p i n e s ,  
based upon computer l i s t i n g s .  (Data w i t h i n  the  
grey  shaded area w e r e  rejected by computer l o g i c  
i n  producing  t h e  g r i d  p r i n t  maps) 

F i g u r e  1 6  R a d i a t i o n  a n a l y s i s  (Channel 2 d a t a )  o v e r  a 
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